The inhibitory receptor CTLA4 has a key role in peripheral tolerance of T cells for both normal and tumorassociated antigens. Murine experiments suggested that blockade of CTLA4 might have antitumor activity and a clinical experience with the blocking antibody ipilimumab in patients with metastatic melanoma did show durable tumor regressions in some patients. Therefore, a phase II study of ipilimumab was conducted in patients with metastatic renal cell cancer with a primary end point of response by Response Evaluation Criteria in Solid Tumors (RECIST) criteria. Two sequential cohorts received either 3 mg/kg followed by 1 mg/kg or all doses at 3 mg/kg every 3 weeks (with no intention of comparing cohort response rates). Major toxicities were enteritis and endocrine deficiencies of presumed autoimmune origin. One of 21 patients receiving the lower dose had a partial response. Five of 40 patients at the higher dose had partial responses (95% confidence interval for cohort response rate 4% to 27%) and responses were seen in patients who had previously not responded to IL-2. Thirty-three percent of patients experienced a grade III or IV immune-mediated toxicity. There was a highly significant association between autoimmune events (AEs) and tumor regression (response rate = 30% with AE, 0% without AE). CTLA4 blockade with ipilimumab induces cancer regression in some patients with metastatic clear cell renal cancer, even if they have not responded to other immunotherapies. These regressions are highly associated with other immune-mediated events of presumed autoimmune origin by mechanisms as yet undefined.
Summary:
The inhibitory receptor CTLA4 has a key role in peripheral tolerance of T cells for both normal and tumorassociated antigens. Murine experiments suggested that blockade of CTLA4 might have antitumor activity and a clinical experience with the blocking antibody ipilimumab in patients with metastatic melanoma did show durable tumor regressions in some patients. Therefore, a phase II study of ipilimumab was conducted in patients with metastatic renal cell cancer with a primary end point of response by Response Evaluation Criteria in Solid Tumors (RECIST) criteria. Two sequential cohorts received either 3 mg/kg followed by 1 mg/kg or all doses at 3 mg/kg every 3 weeks (with no intention of comparing cohort response rates). Major toxicities were enteritis and endocrine deficiencies of presumed autoimmune origin. One of 21 patients receiving the lower dose had a partial response. Five of 40 patients at the higher dose had partial responses (95% confidence interval for cohort response rate 4% to 27%) and responses were seen in patients who had previously not responded to IL-2. Thirty-three percent of patients experienced a grade III or IV immune-mediated toxicity. There was a highly significant association between autoimmune events (AEs) and tumor regression (response rate = 30% with AE, 0% without AE). CTLA4 blockade with ipilimumab induces cancer regression in some patients with metastatic clear cell renal cancer, even if they have not responded to other immunotherapies. These regressions are highly associated with other immune-mediated events of presumed autoimmune origin by mechanisms as yet undefined. The interaction of the T-cell receptor with its cognate epitope, presented by the correct major histocompatibility complex molecule (''signal one'') is only one component of the complex signaling required to optimally activate a T cell to proliferate, differentiate, and exhibit effector functions. 3 The critical role of inhibitory signaling in preventing, limiting, or terminating T-cell responses has recently become apparent. 4 T-regulatory cells (T-regs) and inhibitory receptors such as CTLA4 and PD-1 are major regulators of the T-cell response and play significant roles in tolerance to ''self. '' 5 It is now known that the tumor-bearing host can mount T-cell responses to numerous tumor-associated antigens that can either be tissue differentiation antigens, overexpressed normal self proteins, or tumor-associated mutated proteins. 6 Despite the presence of numerous immunogenic targets on both murine and human tumors, these tumors can still grow in immunocompetent hosts. The failure to reject such tumors can result from inadequate stimulation (''ignorance'') or immunologic tolerance, yet the relative contribution of these 2 mechanisms in human cancer remains controversial. CTLA4 (CD152) is an inducible receptor expressed by T cells which ligates the B7-family of molecules (primarily CD80 and CD86) on antigen-presenting cells. 7 When triggered, it inhibits T-cell proliferation and function. Mice genetically deficient in CTLA4 develop lymphoproliferative disease and autoimmunity. 8 In preclinical models, CTLA4 blockade also augments antitumor immunity. 9, 10 These findings led to the development of antibodies that block CTLA4 for use in cancer immunotherapy. Initial studies in patients with melanoma showed that one such antibody, ipilimumab (previously MDX-010; Medarex Inc), could cause objective durable tumor regressions. 11 Objective responses of measurable disease were only documented for patients with melanoma, although reductions of serum tumor markers was seen for some patients with ovarian or prostate cancer. 12 Many of these patients had received concurrent or prior antitumor vaccines and based on murine models, it was hypothesized that these vaccines may have also contributed to the responses seen. Like melanoma, renal cell cancer (RCC) is responsive to immunotherapy with interleukin-2, yet few active vaccines exist which target RCC-associated antigens. Therefore, a phase II trial of single-agent ipilumimab in patients with metastatic renal cancer was undertaken to investigate whether other immunoresponsive tumors could respond to CTLA4 blockade and if this could occur in the absence of any vaccination.
MATERIALS AND METHODS
All treatment was administered under a Food and Drug Administration and Institutional Review Boardapproved clinical protocol after obtaining the written, informed consent of the participants. Ipilimumab was provided by the Medarex Corp (Princeton, NJ). Patients over 16 years of age with measurable metastatic clear cell renal cancer and no systemic therapy within the past 3 weeks were considered eligible (patients recently discontinuing other therapies were required to show evidence of disease progression before entry). Patients were excluded if they had an Eastern Clinical Oncology Group performance status of Z2, significant abnormalities in hematologic or major organ laboratory parameters, significant active viral or bacterial infections, prior CTLA4-directed therapies, a requirement of systemic steroids or renal cancer of nonclear cell type. Patients with preexisting autoimmune diseases were also excluded.
All patients were treated intravenously every 3 weeks with one of 2 dosing regimens in sequential cohorts: cohort A-patients received a loading dose of 3 mg/kg with all subsequent doses given at 1 mg/kg. Cohort B-patients received all doses at 3 mg/kg only. In cohort B, patients who had not had prior IL-2 could participate if they were ineligible for high-dose IL-2 or had limited or indolent disease documented. Evaluation for response was by Response Evaluation Criteria in Solid Tumors (RECIST) criteria and radiologic studies were performed before every other dose with designated treatment evaluation points after every 4 doses. Owing to study design and size, no intention to compare cohorts for rates of response was intended. Response durations are measured from initial treatment to date of relapse. Repeat treatment courses (for up to 1 y) were instituted unless limiting toxicity or objective tumor progression was documented.
RESULTS
Twenty-one patients were enrolled in cohort A. All had had previous IL-2 therapy. Their characteristics and the number of ipilimumab doses given are listed in Table 1 . Three patients (14%) had grade III toxicity. All 3 had enteritis presenting with diarrhea, with biopsy evidence of duodenitis in one and colitis in the other 2 (the clinical course and treatment of this complication of ipilimumab is described in detail elsewhere 13 ). One of these 3 patients also had extensive generalized rash and multiarticular arthritis. In 2 of these patients, high-dose systemic dexamethasone followed by a rapid taper was given to control diarrhea and the other patient responded to steroid enemas. The patient who had colitis, rash, and arthritis and who received indomethacin and steroid enemas, had a partial response in multiple lung and adrenal metastases that was maintained for 18 months before progressing with an isolated femoral bony metastasis.
Forty patients were enrolled in cohort B, 14 with no prior IL-2 and 26 after prior IL-2 therapy. Their characteristics and treatment features are listed in Table 1 . Seventeen of these 40 patients (43%) incurred clinically significant immune-mediated toxicities (14 grade III, 2 grade IV, 1 grade V), thought to be of autoimmune etiology. Thirteen had enteritis alone, 1 had hypophysitis, 1 had both of these manifestations, 1 patient (with tumor in his sole remaining adrenal gland) showed primary adrenal insufficiency, and 1 patient had aseptic meningitis with cerebrospinal fluid lymphocytosis ( Table 2) . As reported separately, 13 gastrointestinal toxicity from ipilimumab was ultimately treated with systemic dexamethasone in the majority of patients with resolution of symptoms within 2 weeks in all but 4 patients. Three patients in this study suffered colonic perforation and 1 underwent colectomy for bleeding. Of the 3 patients with perforation, 1 had no prodromal diarrhea, 1 patient treated early in cohort A had further ipilimumab after a brief bout of diarrhea, and 1 was noncompliant with steroid therapy. Noncompliance was also an issue in the patient with bleeding. Two patients died as a consequence of their perforations, with 1 declining intervention in the face of widely progressive renal cancer. The syndrome of hypophysitis and hypopituitarism with ipilimumab was similar to that described in patients with melanoma. The earliest manifestation can be pituitary swelling on magnetic resonance imaging scan, followed by depressed adrenocorticotropic hormone, thyroid-stimulating hormone, testosterone (in males), cortisol, and T4. Dopamine was typically normal or elevated. Patients received replacement doses of hydrocortisone and thyroxine and testosterone (in males) was added if significant symptoms were noted. One patient had pituitary swelling, but a hormonal profile compatible with primary hypoadrenalism (elevated adrenocorticotropic hormone, normal T4, and thyroid-stimulating hormone). Both patients with hypopituitarism and the patient with adrenal insufficiency continue to require standard doses of corticosteroid replacement, but all thyroid or testosterone deficiencies and pituitary enlargement have resolved. The 1 patient with aseptic meningitis presented with severe headaches, photophobia, and mild cranial nerve deficits. Magnetic resonance imaging scan was unremarkable, but lumbar puncture was sterile and revealed 1375 leukocytes/mm 3 with over 80% lymphocytes. All symptoms and the cerebrospinal fluid lymphocytosis rapidly resolved after beginning a short course of high-dose dexamethasone. One other patient developed a significant generalized rash, which resolved after a delay in ipilimumab dosing, but later developed hypophysitis with further treatment. There were no other significant or consistent treatment-related toxicities within these 40 patients.
Among the 40 patients in cohort B, there were 5 partial responses of 7, 8, 12, 17, and 21 months' duration for an overall response rate of 12.5% ( Fig. 1 and Table 3 ). The 2 shortest duration responses were in patients who had had previous IL-2 therapy (N = 26) and the 3 responses of longer duration among patients who had not had previous IL-2 (N = 14). One patient, who showed hypophysitis and was initially considered a responder, was later reassigned as a nonresponder due to the unrecognized appearance of his eventual site of progression. The incidence of autoimmune toxicities in cohort B was 7 of 14 (50%) in patients with no previous IL-2 and 10 of 26 (38%) in patients with previous IL-2 treatment (P = 0.52). There was a highly significant association between major autoimmune toxicity and objective tumor regression, with all 5 responses in cohort B occurring in the 17 patients showing autoimmunity and no responses occurring in the 23 patients not experiencing autoimmunity (P = 0.009). The number of doses given before the onset of autoimmunity or associated with tumor regression varied widely (Table 2) . Indeed, 1 patient showed significant tumor growth after 2 doses of ipilimumab but experienced a mild bout of colitis after 2 additional doses and promptly demonstrated tumor regression that has been sustained for 21 months (Fig. 2) . As with the responding patient in cohort A, the initial sites of relapse in 2 other responding patients in cohort B were solitary new sites, amenable to resection or radiation, without concurrent progression in other preexisting sites.
DISCUSSION
Immune-based therapies using high-dose interleukin-2 to treat advanced renal cancer have a 15% to 25% objective response rate, but are of singular value because of their durability and curative potential. The majority of patients who achieve a complete response will not relapse even after decades of follow-up.
14 Therefore, the mechanisms which affect the immune response to human renal cancer are of great interest to enhance the frequency and durations of responses to IL-2 and to develop other immunotherapeutic approaches to this disease. Preclinical studies identified the inhibitory receptor CTLA4 as a major influence in damping or blunting T-cell responses, and as a significant mechanism for maintaining immune tolerance to normal tissues. The development of ipilimumab, a fully human IgG which binds and blocks CTLA4, led to early phase clinical testing and evidence for immune-mediated antitumor responses was seen in patients, particularly those with metastatic melanoma. Summarizing a large single-institution experience with ipilimumab in patients with melanoma, covering a wide dose range (all given intravenously every 3 wk), the response rate for patients with measurable metastatic melanoma was approximately 13%. 15 Again, as seen with IL-2, many of these responses were of striking durability with some ongoing at their maximum follow-up of over 4 years. They were seen at a variety of visceral and peripheral sites, and previous IL-2 therapy did not seem to affect the ability to respond to ipilimumab. Durable regressions of melanoma and autoimmunity have also been reported in patients receiving another anti-CTLA4 antibody, temelimumab (CP-675206). 16 A significant minority of patients given ipilimumab developed a variety of toxicities that were presumed to be of autoimmune origin. The most frequent major organ toxicities in patients with melanoma were enteritis (particularly colitis with diarrhea) and hypophysitis that occurred in 21% and 5% of patients, respectively. 13, 17 Dermatitis and sporadic cases of arthritis, hepatitis, nephritis, iritis, and vitiligo were also seen. Many of these toxicities required and responded to brief courses of high-dose corticosteroids. The significant exception to this outcome seemed to be adrenocortical insufficiency as a component of panhypopituitarism, which usually persisted despite recovery of other pituitary endocrine functions.
The most striking observation in these trials was a significant association between immune-mediated adverse events and tumor regression. For patients with melanoma who evidenced such adverse events, the antitumor response rate was 36%, but it was only 5% in those who showed no such toxicities. 15 This experience using ipilimumab to treat patients with metastatic clear cell renal cancer closely parallels the results seen in patients with melanoma. Again immune-mediated toxicities were seen with enteritis and hypophysitis the most frequent. The overall response rate was 5% in cohort A (3 mg/kg loading dose followed by 1 mg/kg every 3 wk) and 12.5% in cohort B (3 mg/kg every 3 wk for all doses) although there are disparities in the characteristics of these 2 groups, preventing comparisons of efficacy. The association between toxicity and tumor regression was again striking. Among the 20 patients with significant autoimmune toxicity, the response rate was 30% yet among the 41 patients free of such toxicity it was 0% (P = 0.0007; both cohorts combined). The major difference from the experience in melanoma is that no complete or durable regressions of renal cancer were documented in this small study.
The basis for the association of ipilimumab-induced autoimmunity and tumor regression is not known. Other examples of such an association have been described with IL-2 therapy where vitiligo and hypothyroidism are associated with improved tumor response rates. 18, 19 In allotransplantation for renal cancer and leukemia, patients showing graft-versus-host disease have improved therapeutic outcomes, presumably due to a graft-versustumor response. 20 For ipilimumab therapy, a variety of possible mechanisms exist to explain the findings. An antigenic target shared by renal cancer, melanoma, gastrointestinal mucosa, pituitary, and other major organs is unlikely, particularly in view of the low frequency of multiple autoimmune sequelae occurring in the same patient. Immunosuppressive regulatory T cells (Treg) are known to constitutively express high levels of CTLA4 and are critical in controlling autoimmune colitis and gastritis in mice. They also seem to play a role in suppressing tumor rejection in some mouse models. Yet our investigation of the impact of ipilimumab on Treg did not support elimination or a reduction in these cells. 21 Alternatively, activation of CD4 cells in response to ipilimumab-induced autoimmunity may nonspecifically augment an endogenous T-cell response against the intrinsically immunogenic human tumors, melanoma, and renal cancer. This may be mediated either by paracrine cytokine stimulation or CD4 activation of dendritic cells, which can then effectively present tumorassociated antigens. Finally, the association between autoimmunity and tumor regression may not be causal, but rather a reflection of genetically based differences in immune reactivity mediated by polymorphisms in genes that interact with CTLA4. Human population-based studies have shown that defined polymorphisms in the CTLA4 gene are associated with increases in the incidence of type 1 diabetes, Graves' disease, and autoimmune hypothyroidism, all thought to have an autoimmune component. 22 This is an active area of ongoing research in patients receiving ipilimumab.
Blockade of the T-cell-inhibitory receptor CTLA4 with a monoclonal antibody seems to both induce autoimmunity involving a diverse array of target tissues and cause the regression of metastatic human renal cancer. The occurrence of these 2 phenomena are significantly associated in patients. The immune-mediated toxicities can have serious consequences for a small minority of patients and it remains to be determined if the higher incidence of major complications from enteritis in patients with renal cancer compared to those with melanoma is genuine or a reflection of a limited experience. An algorithm for rapidly and vigorously addressing bowel toxicity is currently being instituted to determine if the frequency of such complications can be reduced. 13 Again it is not yet clear if previous IL-2 therapy has any impact on the frequency or duration of responses in these patients and ongoing studies are investigating this issue. Surprisingly, the application of high-dose corticosteroids to control autoimmune toxicities did not seem to coincide with a subversion or truncation of an ongoing antitumor response. Therefore, there seem to be methods for addressing toxicities from this agent which can still permit tumor regressions in patients either not eligible for or not responding to standard immunotherapies. The new availability of other United States FDA-approved agents such as sunitinib and sorafenib for advanced renal cancer has broadened the choices available for patients with this disease. Yet complete regression with these agents is rarely achieved and most patients will show tumor progression within a year, 23, 24 so other treatments with different mechanisms of action are needed. The fact that other immunotherapies have been curative for a minority of patients with widespread renal cancer compels a continued interest in agents which act via the immune system. A larger experience with ipilimumab in RCC is needed to more accurately determine its relative risks and benefits and its role in the overall approach to renal cancer. Additional experience and correlative laboratory investigations may contribute to a better understanding of how ipilimumab induces the immunologic rejection of this and other cancers.
